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Structural Health Monitoring (SHM) has emerged to offer a reliable and cost-effective 
solution for assessing and maintaining bridge structures within their long-term service 
life. Bridges are subjected to various undesirable operational and environmental loads 
that are prone to accelerate structural damage. For this reason, it is essential to timely 
assess the structural conditions to ensure safety. To this end, visual inspection and Non-
destructive testing have been implemented in current practices to monitor the utmost 
damages. However, the disadvantages of these techniques, such as the need for prior 
knowledge about the damage location and being costly, time-consuming, and subjective 
even for skilled inspectors, emphasise the necessity of SHM techniques. This is because 
they can continually measure and use data obtained from structures. The practical 
applications of current SHM techniques in large-scale structures such as bridges, also 
have to deal with issues due to the inherent uncertainties of the FE modeling and damage 
detection processes. These include, for example modeling errors, measurement noises, 
uncertain operational environmental effects, and limited measurements. SHM of 
composite bridges is more challenging due to the complex behaviour of their steel-
concrete composite (SCC) beam members. Monitoring the interfacial integrity of the SCC 
beams is crucial due to the shear connections governing the composite action that affects 
the overall response of the composite bridges. Consequently, developing innovative SHM 
techniques is essential to assess structural conditions and detect damage using data 
obtained from limited measurement points along the entire composite bridges.  
In this thesis, the shortcomings mentioned above have been considered to develop novel 
methods for SHM applicable in composite bridges. To discover the gaps in our 
knowledge, the current model-based and data-driven methods used in SHM of composite 
bridges are reviewed, and their advantages and drawbacks are discussed. An innovative 
approach is developed for SHM of composite bridges with a limited number of static 
measurements. The method is based on an SCC beam element model, which can simulate 
xv 
 
damage in the composite layers. The optimisation analysis is used to detect stiffness 
changes in the composite layers caused by damage, focusing on the composite interface. 
Furthermore, a novel method for SHM of composite bridges is developed using dynamic 
measurements. A sensitivity-based damage detection approach is adopted with sensitive 
modal features from a few vibration modes. Principle component analysis is employed to 
reduce the input datasets and obtain an optimal model performance. Based on these 
features, an efficient machine learning model is developed using general regression neural 
networks to automate the dynamic-based damage identification of the SCC beams. The 
results show that the developed method can identify damage in composite structures, 
particularly in the interface. 
In addition, a novel interlayer slip monitoring system has been developed for interfacial 
condition assessment of the SCC beams. The monitoring system is based on Ultra-flat 
Industrial Potentiometer Membrane. An experimental study has been carried out in the 
laboratory on a composite bridge model consisting of SCC beams. Then, the damages 
done to shear connectors are detected using the data obtained from the slip sensors. 
Results show that the possible damage locations in the composite bridges could be 
identified by analysing the interlayer slip in their SCC beam members. In summary, an 
integrated model-based and data-driven approach has been developed for composite 
structures using limited static and dynamic measurements in the thesis, and the results 
show the feasibility of the approach for condition assessment of composite bridges in 
practice.   
